Combining heavy quark effective theory and the chiral Lagrangian approach we investigate D meson radiative decays. First, we reanalyse D * → Dγ decays using heavy quark spin symmetry, chiral symmetry Lagrangian, but including also the light vector mesons. Then, we calculate branching ratios D → V γ. We make some comments on the Cabbibo suppressed decays D → ρ/ωγ and the branching ratios of D → P P γ decays.
Experimentally radiative decays of D mesons have not been measured, while the known branching ratios of D * radiative decays [1, 2] can be described using the combination of heavy quark effective theory and chiral Lagrangians [3] - [15] .
The strong interaction meson Lagrangian for the light pseudoscalar octet and heavy pseudoscalar and vector triplets in the chiral and heavy quark limits was first written down by Wise [16] (see also [4] ). The electromagnetic interactions between these mesons was described in [1, 2, 6] . The octet of light vector mesons was included in the Wise Lagrangian [16] later by Casalbuoni, et al. [12] as the gauge particles associated with the hidden symmetry group SU(3) H [17] . The light pseudoscalar mesons are described by the 3×3 unitary matrix u = exp( iΠ f ), (f ≃ 132 MeV) with Π the usual pseudoscalar matrix as in ref. [14] , while the octet of light vector mesons is described by the
ρ µ where g V (≃ 5.8 2/a with a = 2 in the case of exact vector dominance) is the coupling constant of the vector meson selfinteraction [17] and ρ µ the vector meson matrix. The heavy mesons are Qq a ground states, where Q is a c quark and q 1 = u, q 2 = d and q 3 = s. In the heavy quark limit they are described by 4 × 4 matrix H a (a = 1, 2, 3) [16]
where P * aµ and P a annihilate, respectively, a spin-one and spin-zero meson Qq a of velocity v µ . Following the procedure of [14] we write down the even parity strong and electromagnetic Lagrangian for heavy and light pseudoscalar and vector mesons:
with
where B µ , A µ , V µ , D µ are defined in ref. [14] . In equation (2) g and β are constants which should be determined from experimental data [1, 2, 11, 12, 13] . The constant a in (2)-(3) is in principle a free parameter, but we shall fix it by assuming exact vector dominance [17] , for which a = 2. The electromagnetic field can couple to the mesons also through the anomalous interaction; i.e., through the odd parity Lagrangian. We write down the two contributions of the the odd parity Lagrangian which are significant for our calculation [18, 19] 
Equation (5) and equation (4), together with vector dominance couplings
which come from the second term in ( 
The heavy quark-photon interaction is genereted by the term
According to quark models the parameter |λ ′ | can be approximately related to the charm quark magnetic moment via 1/(6m c ) [1, 2, 5, 6] . The experimentally measured [20, 21] branching fractions are R
052. With our Lagrangians these branching ratios are calculated to be
From the experimental data, we have found [14] | λ
and
In our approach both λ and λ ′ are considered as purely phenomenological.
The part of the weak Lagrangian for the pseudoscalar and vector, light and heavy mesons, which we will use, can be written as [22, 23 ]
where V ud , etc. are the relevant CKM mixing paremeters, while a 1 and a 2 are the QCD Wilson coefficients, which depend on a scale µ. One expects the scale to be the heavy quark mass and we take µ ≃ 1.5 GeV which gives a 1 = 1.2 and a 2 = −0.5, with an approximate 20% error. Many heavy meson weak nonleptonic amplitudes [22, 23, 24] have been calculated using the factorization approximation. The quark currents are approximated by the corresponding meson currents [25] defined later in eqs. (16) and (17):
In order to describe weak currents we use the "bosonised" versions like [14, 12, 16] . For the quark current with one heavy quark we will use
The light meson part of the weak current is
The simplest radiative decays of D mesons are into a light meson and a photon. Since the process D → P γ (P is a light pseudoscalar) is forbidden due to the requirement of gauge invariance and chiral symmetry [26] , as well as angular momentum conservation, we will concentrate on the D → V γ (V is a light vector meson) decays. We consider the only two processes which are possible at tree level and are not Cabibbo supressed, namely D 0 →K * 0 γ and D s+ → ρ + γ. Both processes have contributions from the odd-parity interaction Lagrangian. The second one has, in addition, a direct emission term, due to the charged initial and final mesons.
In our numerical calculations we used the following numerical values C V V Π = 0.423, C V Πγ = −3.26 × 10 −2 , [27, 28] , g V = 5.8 [12] , f ≃ f π = 132 MeV, and the other decay constants f P,V were taken from [24] . It is straightforward to calculate the decay widths. The result, of course, depends on which numerical value we take for (λ ′ + 2λ/3) and (λ ′ − λ/3).
Computing these decay widths using λ and λ ′ we have to point out that [31], who get a branching ratio somewhere between our allowed regions.
A less dramatic situation is obtained for the decay
where a not precise determination of the partial width is not enough to further constrain the combination λ ′ −λ/3. From Γ T OT (D s+ ) ≈ 0.0014 eV [20] we see that the branching ratio for this decay is in the range 2×10
The result is similar to ref. [31] , but it is one order of magnitude larger than the one in [29] .
In ref. [32] , [33] it was noticed that a nice bonus can be obtained in measuring the charm meson decay D 0 → ρ 0 (ω)γ, which can get contributions from New Physics by c → uγ transitions, while the same contributions are absent in the D 0 →K * 0 γ decay. The authors of [33] claim that a discrepancy between the experimental measured ratio of the two decays and the theoretical expectation, i.e. the violation of
would be a clear sign of non-Standard Model physics. Equation (18), in which we have included a factor of 1/2 that was overlooked in refs. [32] , [33] , can be derived from eq. (13) in the factorization approximation.
In our approach, which we believe to describe effectively the low-energy physics of the Standard Model, relation (18) is correct in two cases:
1) in the U (3) In terms of quark diagrams, there are also penguin contributions, for example, to D → ρ/ωγ, but not to D → K * γ. In the following we will neglect them, since they were found to be rather small [31] .
Our conclusion is, that the eq. (18) may not be satisfied even in the Standard
Model, as is shown on fig. 3 : if the combination (λ ′ + 2λ/3) turns out to be negative, the ratio (18) can be anything between 0 and ∞. As shown in the case D → K * γ, the negative values of (λ ′ + 2λ/3) can cause a destructive interference between the photon emission by the heavy and the light meson.
A similar effect is possible also in the decay D → ρ(ω)γ, only that the zero can be achieved at a different value of (λ ′ + 2λ/3), because of the U (3) breaking. It is clear that such a situation does not allow us to conclude anything about some New Physics. Actually the situation would be in this case even worse, because negative values of (λ ′ + 2λ/3) would mean a very small branching ratio (see fig. 1 ) and so an extremely difficult measurement.
If, on the other side, (λ ′ + 2λ/3) turns out to be positive, the decays are much easier to detect experimentally, and also the theoretical situation is clearer, since the curve is approaching the ideal theoretical value 1 ( fig. 3) .
A large disagreement with the theoretical prediction (18) The radiative decays D → P P γ have not been measured yet. In ref. [32] it was pointed out that branching ratios of D mesons are determined with 5 − 10% accuracy. We analyse the branching ratios of D → P P γ decays in order to see if they are measurable. As an example we investigate the decay
In this decay there are charged particles in the final state and therfore we expect that the dominant contribution will come out from the "bremsstrahlung". We simply take the amplitude |A(D → K − π + )| from the corresponding decay and write
The integration over the phase space is done making the cut in the photon energy ω min . The result is presented on fig. 4 . For the photon energy cut ω min = 10 MeV we find B(
there are only neutral pseudoscalar mesons in the final state of the decay D →K 0 π 0 γ, and therefore the decay amplitude is the so-called direct emission [34] . Usually the branching ratio is much smaller in decays with direct emission than in decays where the bremsstrahlung dominates [34] .
We can conclude that our framework -the combination of heavy quark symmetry and chiral symmetry -builds the effective strong, weak and electromag- 
